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was allowed to stand in a 70C x RH35% at nosphere for
144 hours, then the appearance was 15visually
exam ned. The evaluation criteria for the
bl ackeni ng resi stance are shown below. A: No change at
all B: Al npbst no change observed 20C. Sone
di scol oration observed D. O ear discoloration observed
Coati ng Adhesion A test piece was coated with Am | ac
1000 Wiite@ (made by Kansai Paint) using a bar coater
and was heat ed



25to0 dry at 120C for 20 mnutes to obtain a 20 gm

dried thickness. Next, it was immersed in boiling

water for 30 m nutes, taken out, then allowed to
natural ly stand for 24 hours. Thereafter, a cutter

knife was used to cut the coating into a checkerboard
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bBlackening reszstance, coating adhesion, and alkali
10 resistance fall. The amount of P in the composite coating
is, with respect tc Zr as 100 mass%, preferably 10 to 70
mass%, more preferably 10 to 40 mass$, particularly
preferably 12 to 20 mass%.
The cobalt compound is a compound supplying the Co
15 element in the composite coating. The cobalt compound is
not particularly limited, but for example may be cobalt
carbonate, cobalt nitrate, cocbalt sulfate, cobalt
acetate, etc. .
The composite coating contains the element of Co in
20 an amount, with respect to Zr as 100 mass%, of 0.1 to 20
mass%. If Co is less than 0.1 mass%, the blackening
resistance falls, while if Co is greater than 20 mass%,
the corrosion resistance, alkali resistance, and coating
adhesion fall. In particular, as the effect of the
25 cobalt, this is believed to promote the deactivation of
the surface of the plated steel material at the time of
formation of the ccating and serve to protect the
material from water, oxygen, and other external factors.
The amount of Co in the composite coating is, with
30 respect to 2r as 100 mass$%, preferably 0.5 to 10 mass%,
more preferably 0.5 to 5 mass%, particularly preferably
0.8 to 1.5 mass%. _
The composite coating in the present invention also
contains an organic acid. The organic acid is not
35 particularly. limited, but for example glycolic acid,
' malic acid, tartaric acid, oxalic acid, citric acid,
ascorbic acid, lactic acid, dehydrobenzeic acid,
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phytic acid may be mentioned. In some cases, ammonium
salts of these organic acids may also be used.

The composite ceoating contains an organic acid in an
amount, with respect to Zr as 100 mass%, of 10 to 90
mass%. When the amount of the organic acid is less than
10 mass% with respect to Zr as 100 mass$%, the corrosion
resistance and the coating adhesion end up deteriorating
somewhat, Further, when the treatment solution contains
only a little organic acid, the storability of the
treatment solution ends up falling. In other words, the
organic acid forms a complex with the vanadyl (V0%*)-
containing compound, basic zirconium compound, and
phosphoric acid compound and thereby can maintain the
stability of the treatment solution (aqueous solution)
for forming the-composite coating. If the composite
coating contains the organic acid in an amount, with
respect to Zr as 100 mass%, of more than 90 mass%, the
coating adhesion and the alkali resistance fall. The
amount of the organic acid in the composite coating is,
with respect to Zr as 100 mass%, preferably 10 to 70
mass%, more preferably 10 to 50 mass$%, particularly
preferably 15 to 30 mass$.

The composite ccated zinc-containing plated steel
material of the present invention can be produced by
coating the surface of a plated steel material with an
aquecus solution containing amounts of the basic
zirconium compound, vanadyl (V0*')-containing compound,
phosphoric acid compound, cobalt compound, and organic
acid for supplying the composite coating with the Zr, V,
P, and Co elements and organic acid in the above ratios,
then heating this to dry and thereby form a coating.

The treatment soclution preferably has a pH7 to 14.
In this pH range, the basic zirconium compound can be
made to stably dissolve in water. As the pH of the
treatment solution, 8 to 11 is preferable, while 8 to 10
is particularly preferable. When the pH of the treatment
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solution has to be adjusted, as the pH adjuster, the

substances shown next may be used. For example, ammonia
water, triethylamine, triethanolamine, phosphoric acid,
nitric acid, hydrofluoric acid, carbonic acid, ammonium
5 . fluoride, etc. may be mentioned, but the pH adjuster is
not particularly limited so long as it does not
remarkably reduce the stability of the treatment

solution.
The coating formed becomes a composite coating
10 having a dense three-dimensional structure, superior in

barrier property, and improved in corrosion resistance. -
One reason why such a composite coating is formed is that
the organic acid and metal ions become aligned by
formation of a complex, a dense three-dimensional

15 gtructure is formed mainly by 2r-0, V, organic acid, P,
and Co become mixed in the clearances (between mesh
structures), and zinc etec. introduced due to etching of
the plating surface are introduced. Note that in a dense
three~dimensional structure using 2r-0, part of the 2r

20 may be substituted by another element. Further, by
etching the plating surface by an organic acid when
forming the composite coating, the adhesion at the
interface of the coating and plating surface is increased
and the corrosion resistance and coating adhesion are

25 improved.

The plated steel material on whose surfaceké the
composite coating is formed is not particularly limited
so long as the plating layer contains zinc. For example,
it is possible to use a plated steel material provided

30 with a plating layer comprised of zinc and unavoidable
impurities. Alternatively, it is possible to use a plated
steel material provided with a plating layer containing,
in addition teo zinc (and unavoidable impurities), alloy
ingredients with zinc, such as Al, Mg, Si, T7i, Ni, and

35 Fe. A particularly preferable plating layer is one
ceontaining, in addition to zinc (and unavoidable
impurities), one or more of 60 mass% or less of Xl, 10
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mass¥ or less of Mg, and 2 mass% or less of Si.

The plating layer of the plated steel material may
be formed by any plating method. For example, the plating
layer may be formed by any of hot dip plating,

5 electroplating, vapor deposition plating, dispersion
plating, vacuum plating, etc. Further, as the hot dip
plating method, there are the flux method, Sendzimir
method, method of applying Ni or other preplating to
secure wettability, etc. Any of these may be used.

10 Further, for the purpose of changing the appearance
after plating, the plated steel material may be sprayed
by water or aeratedwwater, sprayed by a sodium phosphate
agqueous solution, or sprayed by zinc powder, zinc
phosphate powder, magnesium hydrogen phosphate powder, or

15 an aqueous scolution thereof.

Further, to further reinforce the blackening
resistance of the plating, as pretreatment for applying
the composite ccating after the plating, the surface may
be prepared by a cobalt sulfate or nickel sulfate

20 solution, etc. ‘

The method of coating the plated steel material
surface with the treatment solution may be any of the
spray method, dipping method, roll cocating method,
showering method, air knife method, etc. and is not

25 particularly limited.

When coating the treatment solution, to improve the
wettability 6n the surface of the plated steel material,
the treatment solution may be given a surfactant, organic
solvent, etc. to a range not impairing its inherent

30 performance. Further, if needed, a defoam agent may also
be added.

Further, the treatment sclution may be given a
lubricant or filler, for example, molybdenum disulfide,
graphite, tungsten disulfide, boronitride, graphite

35 fluoride, cerium fluoride, melamine cyanurate,
fluororesin wax, polyolefin wax, colloidal silica, vapor
phase silica, etc. to prevent scratches and wear when
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working the composite coated zinc-containing plated steel
material of the present invention.

The range of the total coating mass of the composite
coating of the plated steel material surface is
preferably 50 to 2000 mg/m? or so. In this range, it is
possible to obtain the composite coated zinc-containing
plated steel material having excellent corrosion
resistance, blackening resistance,_éoating adhesion, and
alkali resistance aimed at by the present invention. The
particularly preferable range of the total coating amount
of the composite coating is 100 to 1500 mg/m?. If less
than 100 mg/m?, the corrosion resistance, blackening
resistance, and alkali resistance may dreop. If over 1500
mg/m?, the coating may become fragile and the alkali
resistance and coating adhesion may drop.

When using a treatment solution to treat the plated

- steel material, the material is preferably heated to dry

20

25

30

35

by a peak metal temperature of 50°C to 200°C in range.
Note that the heating method is not particularxly limited
and may be any of hot air, direct flame, induction
heating, infrared rays, an electric oven, etc.

EXAMPLES

Next, the present invention will be explained more
specifically, but the present invention is not limited to
the following specific examples.

Table 1 shows the ratios of the Zr, V, P; Co, and
organic acid of the composite coatings prepared. Note .
that the compounds used for the treatment solutions are
indicated by the following notations:

Zr: Al: Zirconium ammonium carbonate

A2: Zirconium sodium carbonate
" A3: Zirconium pdtassium carbopate
Ve Bl: Vanadyl acetate
B2: Vanadyl phosphate
B3: Vanadyl citrate
B4: Vanadyl propionate
P: Cl: Ammonium phosphate
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TV Tv Tv |V C2: Sodium phosphate

Co: Dl: Cobalt carbonate
D2: Cobalt nitrate
Organic acids: '
5 El: Citric acid
E2: Maleic acid
E3: Ascorbic acid
E4: Adipic acid

Note that as comparative conditions, the following

10 prior arts were used.

Prior Art 1:

A composite coating formed from a treatment solution
containing Zr, V, and P, not containing Co, and
containing dimercaptosuccinic acid.

15 Prior Axt 2:

A composite coating formed from a treatment solution
containing Zr and V and not containing P, Co, and an
organic acid.

Prior Art 3:

20 A composite coating formed from a treatment solution
containing 2r, V, P, Co, and an organic acid but having
ratios of V and organic acid with respect to Zr as 100
mass% outside the scope of the present invention (both V
and organic acid being greater in amounts).

25 Prior Art 4: v

A coating formed using as a coating type chromate
treatment solution a mixed solution of a partially
reduced chromic acid aguecus solution (reduction rate
40%) and colloidal silica {Cr0;:Si0,=1:3).

30 The composite coating was prepared by coating a
treatment solution diluted by deionized water to adjust
the ingredients to predetermined concentrations on the
surface of a plated steel material by a roll coater to
give a predetermined dried coating amount and immediately

35 using a hot air dryer to heat and dry the coating at a
peak metal temperature of B0O°C. The treatment solution had
a pE of 9.
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Coating 1 1 Conposite Coating 2 | Corrposite Coating 3

| Conposite Coating 4 | | Conposite Coating 51 1
Conposite Coating 6 | | Conp05|te12Coat| ng 71 1

Conposite Coating 8 1 I Conposite Coating 9 |
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Coat i nghatxticasposite Coating 20 Conposite Coating 21

OgrrpOSI te O@ﬁt' B8 2C§Lp &%E@E’fﬁé @g%&hag%gﬁgsl-tion 90 mg/m?)

conposite Coating ting 2
Coating 26 Mg: BIiQF YHE &1 A33ﬁ%1°3(2151231|=®1a1tc}ma -

16 - 512PVi(p13tind/dEpcaatlion 190/GE@HRAUI  uotirl eaN
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10O Onadga?OT2l leatir tiOrQtleattl na wmo noyQusnet
uorousaux  ys. pot dip 55%8A1-1.6%Si-Zn plating
(plating deposition 20 mg/m?)
Below, the evaluation items and test methods will be
shown.
15 - Corrosion Resistance
Sheet and cross-cut test pleces were subjected to
salt spray tests based on JIS 2 2371 for 240 hours. The
corrosion resistance was judged by the area percentage of
white rust after the salt spray test.
20 The evaluation criteria for the cocrrosion resistance
are as fellows:
Sheet test piece:
A: White rust 0%
B: White rust over 0% and not more than 5%
25 C: White rust over 5% -and not more than 30%
D: White rust over 30% '
Cross-cut test piece (ihcluding white rust at cut
parts and vicinities)
A: White rust 0%
30 B: White rust over 0% and not more than 5%
C: White rust over 5% and not more than 30%
D: White rust over 30%
- Alkali Resistance

20 g/L of Parclean® N364S (made by Nihon
35 Parkerizing) was sprayed on the sheet test piece at 60°C

for 30 seconds by a spray pressure of_ 50 kPa. Thereafter,
the test piece was washed by tap water for 10 seconds,
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then dried by cool air. Next, in the same way as above,

this was subjected to a salt spray test for 240 hours and
judged for the area percentage of white rust after the
salt spray test.
5 The evaluation criteria for the alkali resistance
are shown below:
A: White rust 0% _
B: White rust over 0% and not more than 5%
C: White rust over 5% and not more than 30%
10 D: White rust over 30%
- Blackening Resistance
Using a constant temperature and constant humidity
test, a test piece was allowed to stand in a 70°C x RH85%
atmosphere for 144 hours, then the appearance was
15 visually examined.
The evaluation criteria for the blackening
resistance are shown below:
A: No change at all
B: Almost no change ocbserved
20 C: Some discoloration observed
D: Clear discoloration observed
- Ceoating Adhesion
A test piece was coated with Amilac 1000 White®
(made by Kansai Paint) using a bar coater and was heated
25 to dry at 120°C for 20 minutes to obtain a 20 um dried
thickness. Next, it was immersed in boiling water for 30
minutes, taken out, then allowed to naturally stand for
24 hours, Thereafter, a cutter knife was used to cut the
coating into a checkerboard of 100 l-mm squares and a
30 tape peeling test was used to find the remaining number
of coating squares.
The evaluation criteria for the coating adhesion are
shown below:
A: Remaining squares 100
B: Remaining squares 98 to less than 100
C: Remaining squares 50 to less than 98
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D: Remaining squares less than 50
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10 resistance, coating adhesion, and alkali resistance. As
opposed to this, in the plated steel materials of the
comparative examples, thexe were no examples able to
satisfy all of the performances of corrosion resistance,
blackening resistance, coating adhesicon, and alkali

15 resistance.
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The claims defining the invention are as follows:

1. A steel material plated with Zn-containing material and having a composile coating
formed therein superior in corrosion resistance, blackening resistance, coating adhesion, and alkali
resistance characterized by having a composite coating formed by coating and drying on the
surface of a plated steel material @ treatment solution containing a basic zirconium compound,
vanadyl (VO2) —containing compound, phosphoric acid compound, cobalt compound, organic acid,
and water and having a pH7 to 14, the composite coating containing, with respect to the Zr element
as 100 parts by mass, V in an amount of 10 to 45 parts by mass, P in 5to 100 parts by mass, Co
in0.110 20 parts by mass, and an organic acid in 10 to 90 parls by mass.

2. A steel material plaled with Zn-containing material and having a composite coating
formed therein superior in corrosion resistance, blackening resistance, coating adhesion, and alkali
resistance as set forth in claim 1, wherein said composite coating has a total coating mass of 50 to
2000 mg/m2.

3. A steel material plated with Zn-containing material and having a composite coating
formed therein superior in corrosion resistance, blackening resistance, coating adhesion, and alkali
resistance as se! forth in claim 2, wherein said composite coating has a total coating mass of 100 to
1500 mg/m2,

4. A steel malerial plated with Zn-containing material and having a composite coating
formed therein superior in corrosion resistance, blackening resistance, coating adhesion, and alkali
resistance as sel forth in any one of claims 1 to 3 wherein the plated steel material has a plating
layer comprised of a composition of Zn and unavoidable impurities.

5. A steel material plated with Zn-containing material and having a composite coating
formed therein superior in corrosion resistance, blackening resistance, coating adhesion, and alkali
resistance as set forth in any one of claims 1 to 3 wherein the plated steel material has a plating
layer comprised of a composition containing, in addition to zinc and unavoidable impurities, one or
more of 60 mass% or less of Al, 10 mass% or less of Mg, and 2 mass% or less of Si.
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andurxeleging asyane pldrcoppastied examleickeni ng r esi st ance,
coati ng adhesi on, and alkali resistance. In
particular, in test pieces with a conposite coating of
B total coating mass of 100 to 1500 ng/ nR, superior
results were exhibited for all of the eval uated
corrosi on resi stance, bl'ackeni ng 10resi stance, coating
adhesi on, and al kali resistance. As opposed to this,
in the plated steel- materials of the conparative
exanpl es, there were no exanples able to satisfy al

of the performances of corrosion resistance,

bl ackeni ng resi stance, coating adhesion, and al kal
15resi stance. 18 The clains defining the invention
are as foll ows: 1. A steel material plated with
Zn-contai ning material and having a conposite coating
fornmed therein superior in corrosion resistance,

bl ackeni ng resi stance, coating adhesion, and al kal

resi stance characterized by having a conposite coating
formed by coating and drying on the surface of a
plated steel material a treatnent solution containing
a basic zirconium conpound, vanadyl (V02+) -containing
conpound, phosphoric acid conpound, cobalt conpound,
organic acid, and water and having a pH7 to 14, the
conposite coating containing, with respect to the Zr

el enent as 100 pads by mass, V in an anount of 10 to
45 parts by mass, Pin 5 to 100 pads by mass, Co toin
0.1 to 20 parts by mass, and an organic acid in 10 to
90 parts by nass. 2. A steel material plated with
Zn-contai ning material and having a conposite coating
formed therein superior in corrosion resistance,

bl ackeni ng resi stance, coating adhesi on, and al kal

resi stance as set forth in claiml, wherein said
conposite coating has a total coating nass of 50 to
2000 ng/n2. 153. A steel material plated with

Zn-contai ning material and having a conposite coating
fornmed therein superior in corrosion resistance,

bl ackeni ng resi stance, coating adhesion, and al kal

resi stance as set forth in claim2, wherein said
conposite coating has a total coaling nass of 100 to
1500 ng/ nR. 4. A steel material plated with
Zn-contai ning material and having a conposite coating
20fornmed therein superior in corrosion resistance,

bl ackeni ng resi stance, coating adhesion, and al kal

resi stance as set forth in any one of clains 1 to 3
wherein the plated steel material has a plating | ayer
conprised of a conposition of Zn and unavoi dabl e

i mpurities. 5. A steel material plated with
Zn-containing material and having a conposite coating
formed therein superior in corrosion resistance,
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resi stance as set forth in any one of clains 1 to 3
wherein the plated steel material has a plating | ayer
conprised of a conposition containing, in addition to
zinc and unavoi dable inpurities, one or nore of 60
mass% or | ess of A, 10 mass%or less of My, and 2
mass% or less of Si. 19 6.A steel nmaterial plated

wi th Zncontai ning material and having a conposite
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